INTRODUCTION {#s1}
============

Scoliosis is a lateral curvature of the spine that is the result of various pathologic mechanisms including congenital vertebral defect, back pain, neurologic disorder, posture imbalance, and idiopathic causes. To explain idiopathic scoliosis, several hypotheses, such as disproportion of vertebra-neural growth[@r1], [@r2]^)^ or interference of muscles and ligaments with rapidly growing vertebrae in the second growth spurt[@r3]^)^, have been suggested. Body morphology has been reported to affect the center of pressure position in idiopathic scoliosis[@r4]^)^.

From a clinical perspective, the correlation between radiographic parameters and the patient's physical as well as functional status has been used in the decision-making process for selection of treatment options. To acquire radiographic parameters, the scoliotic curve should be evaluated in the coronal, sagittal, and axial planes because it is a three-dimensional deformity. Hitherto, diverse measuring tools covering each plane have been presented. For the coronal plane, the representative view of scoliosis, the Cobb angle (CA) has been the primary radiographic measure used for evaluation and treatment of scoliosis[@r5]^)^. The reproducibility of the CA has been well defined with acceptable variations between measurements and excellent overall reliability as well[@r6],[@r7],[@r8]^)^.

In daily practice in clinics and gyms, a quick and easy technique is needed to evaluate the lateral deviation of vertebrae and spinal balance as a whole. So far, noninvasive methods such as measurement with a scoliometer and topography have been used by practitioners because they are easy to apply[@r9], [@r10]^)^. However, these techniques cannot be used interchangeably and are not appropriate for measurement of lateral deviation in scoliosis[@r11]^)^.

Despite the aforementioned merits in scoliosis assessment, the CA which is based on angular measurement of curves, has some limitation in evaluating lateral deviation of vertebrae with a metric scale. Given that severity of scoliosis could be presented with not only the angle but also the width of the scoliotic spine, a reliable metric index representing lateral deviation of the spine may provide a new perspective and information that complements the CA.

Therefore, we are suggesting a new concept, interapical distance (IAD), a simple and accurate index that can represent the general picture of lateral deviation before and after treatment of scoliosis and can be readily applicable to all types of scoliosis, irrespective of curve shape or compensation. IAD is defined as the horizontal distance in millimeters from the midpoint of the apical body or disc to its counterpart, the opposite apical body or disc, in a double (or triple) curve ([Fig. 1A](#fig_001){ref-type="fig"}Fig. 1.Measurement of interapical distance for a double curve spine (A) and for a single curve spine (B)) and the farthest vertebral body or disc between T1 and L5 in a single curve ([Fig. 1B](#fig_001){ref-type="fig"}).

The purpose of this study was to evaluate the interobserver reliability and intraobserver reproducibility of the IAD and check its correlation with the CA, the most commonly used radiographic parameter for assessment of the severity of scoliotic deformity.

SUBJECTS AND METHODS {#s2}
====================

The Institutional Review Board of Konkuk University Medical Center approved this retrospective radiographic study, and there was no adverse effect on subjects. In this study, the medical records and radiographic studies of 204 patients that had been diagnosed with "scoliosis" at Konkuk University Medical Center spine clinic from 1 June 2007 to 31 May 2011 were retrieved initially, but only patients ranging from 10 to 17 years of age were included. After reviewing the medical records, patients with the following were excluded: vertebral defect, back pain, or neuromuscular disorder.

Patients' full-length, standing anteroposterior radiographs from their the first visit to the University Medical Center were examined by 3 independent observers, who had more than ten years of experience in scoliosis treatment, using the PACS software, Centricity Enterprise Web V3.0 (GE Healthcare, Fairfield, CT, USA). In terms of the angular threshold for definition of scoliosis, we referred to the 2011 SOSORT guidelines[@r12]^)^, which declare that the diagnosis of scoliosis should not be made under 10° of scoliosis and that the recognized measurement error in measuring Cobb angles is 5°. In this study, It was determined that the apex vertebra should be located below T1 and that the CA of the curve measured by the observer should be equal to or above 15° unanimously. Three observers independently measured the CA according to the SRS definition[@r13]^)^ and measured the IAD at the same time. Among the 204 patients, 50 patients with "adolescent idiopathic scoliosis" were ultimately included, and their demographic and clinical characteristics are shown in [Table 1](#tbl_001){ref-type="table"}Table 1.Demographic characteristics and scoliosis classification of subjectsGenderMale (8)Female (42)Age (yrs)15.2 ± 1.6King type\*King 1 (22)King 2 (11)King 3 (11)King 4 (5)King 5 (1)\*Only those curves with a Cobb angle of more than 15 degrees were counted as major or minor curves.. Three observers independently measured the CA according to the SRS definition[@r13]^)^ and the IAD at the same time. After one week, the IAD was measured again on the same radiograph. All measurement results from the 3 observers were included, and there were no missing data.

To select the appropriate analytic method for identification of the interaction between rater and rating time point of IAD measurement, Mauchly's sphericity test was performed. Regarding the sphericity test results, interobserver and intraobserver interactions with the rating time points were analyzed using MANOVA and ANOVA respectively.

To evaluate the interobserver reliability and intraobserver reproducibility of IAD measurement, ANOVA and the paired t test were used accordingly. The correlation between the CA of the major curve and the IAD was analyzed. Data were processed using the SPSS v17.0 (SPSS Inc., Chicago, IL, USA), and a p-value less than 0.05 was considered statistically significant.

RESULTS {#s3}
=======

There was no significant interobserver or intraobserver interaction with the rating time points of a one-week interval (MANOVA, p=0.349, p=0.347). IAD was measured two times, one week apart, by 3 observers, and the values are presented in [Table 2](#tbl_002){ref-type="table"}Table 2.Measurement of interapical distance and Cobb angle by three observersParameterObserverInterobserver difference123ANOVA, p-valueIAD1 (mm)28.527.928.495% CI24.5--32.524.2--31.524.8--32.0IAD2 (mm)28.027.828.295% CI24.3--31.824.5--31.124.4--31.9Paired t-test, p-value0.5100.9080.614Mean IAD (mm)28.328.028.10.98195% CI24.5--31.124.6--31.424.4--31.9CA (degree)27.527.227.095% CI24.8--30.324.6--29.724.4--29.6Correlation coefficient0.7650.7370.764p-value≤0.001\*≤0.001\*≤0.001\*IAD: interapical distance; IAD1: first measurement of IAD; IAD2: second measurement of IAD; mean IAD, (IAD1+IAD2)/2; CA, Cobb angle. \*Statistically significant. The IAD values for the first measurement (IAD1) were 28.5 mm, 27.9 mm, and 28.4 mm for observer 1, observer 2, and observer 3. The IAD values for the second measurement (IAD2) were 28.0 mm, 27.8 mm, and 28.2 mm, respectively. To assess the intraobserver reproducibility, the paired t test was performed, and there was no statistical difference in two trials of IAD measurement by the same observer (observer 1, p=0.510; observer 2, p=0.908; observer 3, p=0.614), which implied stability in the application of this method regardless repeated trials. To evaluate the interobserver difference in the measurement of the IAD, the mean IAD was calculated for each observer with the following formula: (IAD1+IAD2)/2; the mean values were 28.3 mm (observer 1), 28.0 mm (observer 2), and 28.1 mm (observer 3). For these data, ANOVA was performed and showed no difference (p=0.981) between observers, which supported the interobserver reliability. For each observer, the CA and mean IAD, the average value of two trials of IAD measurement, were well correlated (observer 1, r=0.765, p≤0.001; observer 2, r=0.737, p≤0.001; observer 3, r=0.764, p≤0.001).

DISCUSSION {#s4}
==========

It is evident that lateral deviation of the vertebra in scoliosis is the result of multidimensional forces that include lateral bending force, axial rotation, and kyphotic or lordotic array in the sagittal plane. To elucidate the interaction of these variables, many indices and sophisticated protocols using plane radiographs or even computed tomography have been introduced. In a coronal plane, the CA, apical vertebral lateral deviation (AVLD), and coronal balance (CB) have been used frequently in the evaluation of scoliosis.

Though IAD evaluates lateral deviation with a metric scale, it is highly correlated with the CA, the established indicator of scoliosis severity in terms of angular measurement, as shown in [Table 2](#tbl_002){ref-type="table"}. This finding implies that the IAD has clinical applicability and that it can complement the CA. Meanwhile, the IAD is not dependent on the spinal compensation in scoliosis because there is no significant statistical correlation between the IAD and CB, as shown by another investigator's analysis (LJH: data not shown). Regardless of curve compensation, easy applicability to diverse types of scoliosis would be the strength of the IAD.

AVLD, which was initially introduced as a means of distinguishing true King type 2 curves from similar ones[@r14]^)^, is applicable to quantification of apical displacement and is known to have a good interobserver reliability[@r8]^)^. Besides, AVLD and its ratio are useful when making surgical decisions about fusion level, etc[@r15]^)^. AVLD is defined as the distance from the central sacral line (CSL) to the midpoint of the apical body. In a decompensated patient, it should be measured from the CSL for the thoracolumbar and lumbar spine, and from the C7 plumb line (C7PL) for the thoracic spine[@r13]^)^.

However, considering the aforementioned stipulation regarding the curve type and shape, AVLD seems to be complicated in some cases. For example, when it comes to a decompensated double curve with two apices in the thoracic and lumbar regions as in Lenke type 3 and 6 or King type 1 and 2, AVLD should be measured twice from different base lines, the CSL or C7PL ([Fig. 2A](#fig_002){ref-type="fig"}Fig. 2.Measurement of the lateral deviation of the scoliotic spine: apical vertebral lateral deviation method (A) and interapical distance method (B). C7PL: C7 plumb line; CSL: central sacral line). In the case of Lenke type 4 (triple major curve), it should be measured three times from different base lines for each corresponding apex, such as C7PL-apex, CSL-apex, and CSL-apex again. On top of that, AVLD does not correlate well with the CA given that spinal curves with the same CA can have significantly different AVLD values[@r16]^)^.

Should the scoliotic curve form a sine wave, AVLD would correspond to the peak-to-base line amplitude. In decompensated scoliosis, the base line should be defined differently depending on the curve shape and corresponding apex: CSL for the thoracolumbar and lumbar spine and C7PL for the thoracic spine as per SRS definition[@r13]^)^. On the other hand, IAD could exhibit a peak-to-peak amplitude irrespective of the variability of the curve shape, so there is no need to consider the base line. In some way, IAD and AVLD can supplement each other. In the same case as shown above for AVLD measurement, IAD is illustrated according to its definition in [Fig. 2B](#fig_002){ref-type="fig"}.

This study has several limitations. Firstly, it used only 3 observers who had more than ten years of experience in scoliosis treatment. Usually, radiographic studies include observers at different training levels to exclude the effect of experience. Therefore, we cannot address the reliability of this method with less experienced observers. However, the measuring techniques and radiographic landmarks used in this study are simple, so less experienced hands should be able to learn this protocol easily. Secondly, a limited number of patients with idiopathic scoliosis were included in this study. However, IAD is expected to be workable in various kinds of scoliosis in principle such as degenerative scoliosis, vertebral defect, neurological disorder, and so forth. It can also be used as a measuring tool to observe the clinical course of scoliosis and post-treatment follow-up. In this context, it is worthwhile to utilize the IAD for other forms of scoliosis with different etiologies in the future. Lastly, this study suggests the promise of IAD as a measuring tool for lateral deviation of the scoliotic spine, but does not show the actual correlation with patients' symptoms. This limitation does not only apply to IAD given that there has been much controversy over the correlation between other radiographic parameters including the CA and patient health status[@r17],[@r18],[@r19]^)^. Despite these limitations, the results of this study seem to support the applicability and significance of IAD for measurement of the lateral deviation of vertebrae in scoliosis.

In conclusion, IAD was found to be a reliable and reproducible tool for the assessment of the lateral deviation of the spine in an anteroposterior radiograph and was well correlated with the CA. IAD seems to be a simple and useful measure for evaluation of lateral derangement in scoliosis.
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